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Abstract


This project uses Virtual Reality Modeling Language (VRML) to create a prototype for software, which will simulate the movements of the Lego robot in the virtual world.  Our project succeeded in meeting our project goal of simulating a Lego robot moving forwards, backwards, and rotating for any amount of time, additionally simulating a robot with a light sensor following a black line.  We hope that the integration of virtual reality in this project will both challenge us and expand the possible applications of Lego Mindstorms by overcoming the physical constraints of the real world.  

Introduction

Lego Mindstorms is an educational toolkit that allows students to construct Lego robots and program them using an application called Robolab.  The Robolab program is based on Labview, which provides a graphical development environment for measurement analysis, data acquisition/presentation, and control programming.  Students are able to program in Robolab by wiring together different icons that control Lego Mindstorms components.  For example, the program in Figure 1 turns a motor on for two seconds.  These icons are known as Virtual Instruments (VI’s), which are similar to functions within a program.  
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Figure 1: Robolab program to turn motor A on for two seconds 

Students load their Robolab program into the brain (known as the RCX) of their physical Lego robot using an infrared interface.  They then run the program, and their robot moves solely based on their program.  This program provides an excellent way for students to get hands-on experience learning basic concepts of robotics.  Our project incorporates virtual reality into Lego Mindstorms.  

Virtual simulation has shown to be a very effective learning tool.  In the past decades, virtual reality has come to be an essential part of video and computer games, and even educational software programs.  With technological advances, these virtual environments have become extremely realistic, and children are fascinated by the latest and most popular simulation games.  Given the high interest in virtual reality, schools would benefit by conjoining the students’ interest in virtual reality with educational software.   Virtual environments allow students to engage in activities and scenarios without the physical and monetary constraints of the real world.  

Our project strives to integrate the virtual world in this learning process.  In some classrooms, it may not always be possible for every student to have their own Lego toolkit.  In these cases, simulation software could provide a good alternative – the students could alternate using the simulation software and the physical Lego robots.  Another use of the virtual simulation component is to move the testing phase of the Robolab program to the virtual world.  Thus, once the students’ Robolab program operates correctly in the simulation, they can then load the finished program into the RCX and run their fully functional robot.  This would allow students to learn the robotics concepts of Robolab through both the simulated world and through physical construction.  Additionally, the virtual reality application would expose them to concepts of simulation.  

The main advantage to this use of the virtual world is that students will be able to have long distance interactions with each other.  It is currently not possible for different classrooms to share their Robolab programming progress without arranging fieldtrips to see the Lego robot in action.  Virtual reality would allow students to simply email a file or a web browser link in which their robot and its actions are simulated.  One example of this scenario could be a class on the east coast sharing their programming with a class on the west coast.  Students on the east coast could send students on the west coast specifications for how their Lego robot was constructed.  The west coast class could test their own Robolab code on the east coast class’s Lego robot construction.  This would encourage interaction and experimentation between classrooms, as they could see which Lego robot constructions work best for specific tasks.  This program therefore allows virtual reality to be used for a real world application.    

Previous Work

Virtual reality is a relatively recent addition to our technological world.  Until just a couple decades ago, virtual reality mainly served entertainment purposes, particularly games.  For example, in modern video games, players explore and interact within a virtual environment (e.g. Halo for the Xbox - see Figure 2).  Now, robots are starting to become integrated into the virtual world.    The creators of www.mindrover.com developed an “Intelligent Robot Simulation” which is a 3d strategy/programming game, allowing users to program robotic vehicles and compete in a virtual arena.  




Figure 2: Screenshot of Halo game

Research has shown time and time again that students learn best by hands-on interaction.  In this sense, virtual reality applications provide the perfect forum for allowing students to engage in hands-on activities without the real-world issues of physical space and expense.  Virtual reality allows students to visualize and try out difficult concepts.  Most importantly, virtual reality programs allow students to “visit environments and interact with events that distance, time, or safety factors make unavailable”.
  

Within the past 15 years, virtual reality has increased in popularity as a tool for teaching students and getting them involved in hands-on activities rather than text/visual information.  For example, there is now a virtual reality program called Superscape Virtual Reality Toolkit that is used to aid Computer Integrated Manufacturing education.  It allows students to create interactive 3d worlds that can be published on the Internet.  It also uses a range of editors to allow students to work on different parts of the virtual reality world constructions.  One example is a “World Editor” which uses Superscape Control Language which is based on the programming language C; this editor allows students to create worlds, textures and sounds that will assign behavior or appearance to objects in their 3d world.  Due to its contributions in the entertainment world, virtual reality has become a powerful tool, and when integrated with education, it provides an interesting way to engage students in difficult subjects.  There have also been a few contributions of robots in educational virtual reality applications. There is a recent program that provides an artificial intelligence (AI) education tool in which elementary school students can learn basic AI concepts by assigning a soccer robot to different tasks – to play soccer, avoid an object, or wander.
  

Virtual reality clearly serves an important educational purpose that reality cannot always provide.  However, it is essential that virtual reality applications not replace the real world applications in classrooms.  “VR (virtual reality) needs to be developed as an integral part of the educational and training process, implemented alongside other traditional and non-traditional tools.”
  Although the virtual world has made revolutionary impact in education, no one has yet used these virtual world applications for a real world application.

Approach


Our project goal of this semester was to develop a prototype of a system in which students could use Labview/Robolab to simulate their Lego robots in the virtual 3d world.  Our program allowed the user to input specifications for how they built their robot, Robolab code, and (if applicable for cases of line following) a bitmap file.  In our basic system, the user was able to arrange an RCX, two motors, and large or small wheels in different configurations (See Figures 3-6).  
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We then built a simulation of their Lego Robot in virtual reality using Virtual Reality Modeling Language (VRML).  We applied the task specified in their Robolab code to the simulated Lego robot.  Lastly, we outputted a .wrl file (VRML file) that can be opened in a browser that will show the animation of their Lego robot in the virtual reality world.  


VRML is a relatively new language that requires only a web browser plug-in to run.  Like OpenGL, which is a popular graphics library for 3d rendering and animation, VRML is operating system independent, and runs on both Macintosh and IBM compatible computers.  VRML does not have the extensive libraries of OpenGL, but it was sufficient in allowing us to meet our project goals.  The main advantage of using this language is software portability.

Translating the Robolab program into how the vehicle would move in the simulated world proved to be quite a challenge.  Originally, we planned to compute the vehicle’s route in real time.  Therefore, if a user programmed his/her robot to use a light sensor to follow a black line, the VRML vehicle would be able to use either:

· color detection (sensing black or white to represent darkness and light) 

· object collision (in which the line would be an object) to detect when the vehicle was near the black line 

VRML turned out to be more limited than we anticipated.  Although VRML computes color detection behind the scenes, as VRML programmers, we cannot access this data.  Additionally, object-to-object collision within the virtual world is not easily done.  VRML is set up to interact with the user; therefore it senses a user’s mouse positions colliding with the virtual world.  However, it cannot sense collisions between two virtual objects.  It is possible to write Java Scripts to perform this function, and this may be an option in the future when moving into augmented reality where virtual objects may collide with other virtual or even real objects.  However, for the purposes of this semester’s project, we decided instead to pre-compute the route that the vehicle would take in the virtual world.  

Methodology


Our program was made up of several different VI’s that will be integrated into Robolab.  The combination of these VI’s accomplished three main tasks of the program:

1. Getting user input, which consists of the vehicle specifications and the Robolab code 

2. Interpreting the Robolab code to animate the virtual vehicle 

3. Outputting the actual VRML text simulation of the vehicle (See Figure 7).  
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The vehicle specifications involved the number of wheels on the vehicle, the placement of the motors, and the size of the wheels (See Figure 8).  The approach was to put together different pre-modeled Lego robot parts based on the user’s input.  In VRML, a unit of distance is commonly accepted to represent one meter.  The virtual models of vehicle parts were scaled to be 10 times the size of the actual parts, meaning that 1 centimeter in the real world is 10 centimeters in the virtual world.  This scaling was done in order to create a model large enough to be viewed in a browser without zooming in. 
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Figure 8: User interface for vehicle specifications

After the user enters vehicle specifications, the next step is to input the Robolab code for controlling the vehicle.  Our program is designed to be integrated into Robolab, so the user can simply use the Robolab library of VI’s to program their robot.  The Robolab code can be wired to the next function of our program, which simulates the vehicle’s movements.  


This simulation stage was the main and most difficult part of our project.  A Robolab program generates a cluster of information, and within this cluster is a text file that contains the Lego Assembly Language (LASM) code of the user’s Robolab program.  We determined the vehicle’s movements in the virtual world based on these LASM commands.  We divided this conversion stage into sections (see Figure 9).  
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The first section takes the cluster of information and extracts LASM code.  Next, a function (or a sub-VI) goes through each of these LASM commands and translates them into a more direct format that we can understand in terms of the vehicle’s movements.  For example, in the LASM command “dir 0, 2”, 0 represents motor A, and 2 represents forwards, so we replace this command with “dir A forward”.  These translated commands are stored in a one-dimensional array, which maintains the LASM command order.  This array of translated commands is then sent into the next sub-VI of our program.  This VI goes through the array of translated commands, in a sense, running the program so as to pre-compute the route that the vehicle will take.    

The simulated vehicle moves based on velocity calculations derived from the motors’ respective powers and velocities.  We approximated velocities based on the different motor power levels.  We simplified the calculations to be based solely on the axle that connects the wheels of the vehicle.  In this manner, any point on the vehicle, such as the center of the vehicle, a sensor on the vehicle, or the two wheels could be calculated by simple arithmetic from a point on this wheel axle.  The wheel velocities impart a rotational velocity on the axle, and the two wheels rotate with equal velocity about some axis.  With the equation for solid body rotation, w=v/r, where w is the angular velocity, v is the tangential velocity, and r is the distance to axis, one can derive the axis of rotation around which the two wheels will rotate.  There were two different equations for how the two motors’ (connected to the two wheels) power and direction affected the vehicle’s movements – depending on whether or not the axis of rotation was between the two wheels (on the axle itself).  

	[image: image6.png]— " ’
e

Cased





	
[image: image7.png]





Figure10: Diagrams of vehicle wheels with respect to axis of rotation

For the case where the axis or rotation is to the left or the right of the vehicle, the equation is 
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 (See Figure 10, Case 1).  For the case where the axis of rotation is between the two wheels, the equation is 
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 (See Figure 10, Case 2).  Given these equations, the program can simulate a vehicle’s movements given any motor power or direction.  

A large challenge in our project was to handle more complicated cases where the vehicle will follow a black line provided by the user.  In these cases, the user must input a image in the format of a 24-bit bitmap with a black line for the vehicle to follow.  We created a test bitmap file along the lines of what a user would input.  We converted this bitmap to a portable network graphics (png) file and then overlaid this image as the ground in the simulated world.  Another sub-VI in our program took the original bitmap file and converted it to grayscale, then outputted a matrix of 8 bit values ranging from 0-255.  Because of VRML’s lack of color detection, we simulated a light sensor by calculating the position of the sensor on the simulated vehicle in the virtual world.  We then correlated that position (in the x, z coordinates) to an index in the matrix that represents the brightness value for each position in the virtual world.  The vehicle responds according to the user’s Robolab program. 

Results

The virtual vehicle moves accurately with any combination of motor powers and directions.  We tried every possible combination of motor powers and directions to see how our simulation emulated the real world cases.  The powers in Robolab range from 0 (lowest) to 7 (highest) and the motors run either forwards or backwards.  The arrows in the diagrams below indicate the motion of the vehicle, given motor powers and directions for motors A and B.   

	Motor A

(power, direction)
	Motor B

(power, direction)
	Result

	7, forwards
	7, forwards
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	4, forwards
	4, forwards
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	5, forwards
	2, forwards
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	1, forwards
	7, forwards
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	4, forwards
	4, backwards
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	4, backwards
	4, forwards
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	5, backwards
	5, backwards
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	1, 

backwards
	5, 

backwards
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	6, 

backwards
	2,

backwards
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The simulated vehicle can also follow a black line inputted by the user in bitmap format.  The virtual sensor can detect and follow a black line of 19 pixels in diameter at any given motor power.  Given lower motor powers, the virtual sensor can detect lines of a smaller diameter going as low as 5 pixels in diameter at a motor power of 1.  

Discussion

We accomplished what we set out to achieve.  We planned for our most complicated case to be the vehicle following a black line inputted by the user.  Our program can handle any basic Robolab program with two motors programmed in any direction or power, and a light sensor made to follow a black line.  

The next phase of work for our project is to improve the precision in our simulation.  In the real world, the velocity of the robot will depend both on motor power, battery power, and the size of the wheels.  In our simulation, we only took the motor power into consideration, and we estimated its effect on velocity.  It will be hard to add battery power as an input and measure its effects on the velocity.  However, we should differentiate between big and small wheels, as the big wheels will obviously have a faster velocity.  We can obtain a better approximation of velocity by running tests on an actual robot and observing the results.  Several trials could be run for each motor speed and differently sized wheels, and velocity approximations would be obtained by averaging the results of each set of trials.  For example, we could set both motors to move forward on power 7 for two seconds on a vehicle with big wheels, and obtain a velocity approximation by taking the average distance the vehicle moved in different trials divided by two seconds.  We could then repeat the same experiment with small wheels.  Since there are only 7 possible powers for the motors, the number of experiments would be achievable.  

Our approaches worked to meet our goals for the semester.  With the use of VRML, the project provides a fairly close virtual simulation of a programmed Lego robot.  Although the virtual world and real world are scaled differently (in terms of the size of the actual vs. simulated vehicle), the disparity is appropriate for purposes of our project.  The larger scale of the virtual world is more convenient for the user, in terms of viewing the robot’s simulation in a web browser.  The pre-computation of the vehicle’s movements also proved to be an appropriate approach to meet the goals of our semester.  The pre-computation seemed to be the best approach for simple cases of a vehicle moving in any direction and more importantly, a vehicle following a black line.  

Conclusion and Future Work


The goal for this project was to create a prototype for the simulation of a Lego robot programmed by Robolab in the virtual world.  Our project accomplished the simulation of a robot moving in any direction for any length of time.  Additionally, our project attained the challenge of line following.  The simulated vehicle can follow a black line given in bitmap format in the VRML world 


This project can be expanded to incorporate augmented reality.  Next year, we would like to project the virtual reality simulation of the robot into the real world using a projection table and virtual goggles.  This would allow for even more interaction between students over long distances.  A possible application includes racing two Lego robots that were created in different locations.  For example, a student on the east coast could see a west coast student’s virtual robot projected onto a projection table, competing against his own real robot in real-time.  

Moving this project into augmented reality will bring up many new challenges and issues.  If the simulation is going to be expanded to handle more than one virtual vehicle in real-time, pre-computation might not be the best approach.  Additionally if we want to deal with virtual robots interacting and possibly colliding with real world robots, we will have to do real-time computation.  In this case, we will have to do more research on object collision.  Accuracy will also play a more important role when we move to augmented reality, and virtual robots race against actual robots.  The challenges ahead are complex, but offer enormous opportunities for extending the scope of application for Lego Mindstorms.  

Sources
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Figures 3-6: RCX(top), small wheel, big wheel, motor (bottom row, left to right)








Figure 7: Schematic of program layout
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Figure 9: Flow chart of Robolab to VRML conversion
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